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(54) Controller of wire electric discharge machine 



(57) A controller of a wire electric discharge ma- 
chine monitoring a change in thickness of a workpiece 
and a current density in real time, promoting a machin- 
ing speed by preventing occurrence of disconnection of 
a wire electrode even when the change in the thickness 
is caused in the workpiece and improving a dispersion 
in a machining enlargement amount. A machining dis- 
tance calculating device outputs a signal at each 
progress of machining by a predetermined distance Ax. 
A main pulse number storing device counts a main pulse 
number for discharge machining outputted from a main 
pulse generator during a time period of the signal. A 



thickness calculating device calculates the thickness 
from a reference main pulse number in machining a ref- 
erence thickness, the main pulse number stored to the 
main pulse number storing device and the reference 
thickness at each reception of the signal. The calculated 
thickness, further, a machining current, the machining 
speed and a machining current density are displayed A 
discharge pause time control device changes a pause 
time period of voltage applied to the wire electrode and 
the workpiece in accordance with a thickness change 
rate and adjusts the machining current density such that 
no change is caused before and after the change in the 
thickness. 
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Description 

BACKGROUND OF THE INVENTION 
5 1 . Field of the Invention 

[0001] The present invention relates to an improvement in a wire electric discharge machine, and particularly to a 
controller of a wire electric discharge machine capable of monitoring a change in thickness of a workpiece and a change 
in machining current density and also improving a machining performance on a workpiece having a change in thickness. 

10 

2. Description of the Related Art 

[0002] FIG. 28 shows an outline of a conventional wire electric discharge machine. A main pulse generator 1 is 
constituted by a direct current power source, a circuit comprising switching elements such as transistors and a circuit 

15 charging and discharging a capacitor for applying voltage to a gap between a wire electrode 4 and a workpiece 5 to 
carry out electric discharge machining. A detection voltage generator 2 is constituted by a circuit comprising active 
elements such as transistors, resistors and capacitors and a direct current power source for applying pulse voltage 
(voltage lower than main pulse voltage) between the wire electrode 4 and the workpiece 5 for detecting whether the 
gap between the wire electrode 4 and the workpiece 5 is dischargeable. 

20 [0003] Conductive brushes 3 are for conducting electricity to the wire electrode 4 and connected to terminals of the 
main pulse generator 1 and the detection voltage generator 2 on one side. Further, the workpiece 5 is connected to 
terminals of the main pulse generator 1 and the detection voltage generator 2 on other side and pulse voltage is applied 
from the main pulse generator 1 or the detection voltage generator 2 between the traveling wire electrode 4 and the 
workpiece 5. 

25 [0004] A discharge gap detecting device 6 is connected to the workpiece 5 and the wire electrode 4, determines 
whether discharge gap is brought into a dischargeable state based on lowering of the detection pulse voltage and 
outputs a signal for servo feed to a feed pulse calculating device 7 by the detected voltage changed by a change in 
the discharge gap. The feed pulse calculating device 7 produces a series of pulses a feed pulse interval of which is 
normally controlled such that gap average voltage becomes constant to optimize repetition of discharge based on the 

30 signal for servo feed and outputs the series of pulses to a feed pulse distributing device 8. The feed pulse distributing 
device 8 distributes the series of pulses to the drive pulses of X-axis and Y-axis based on a machining program and 
outputs the drive pulses to an X-axis motor control device 9 and a Y-axis motor control device 10 for driving a table 
mounted with the workpiece 5. 

[0005] Further, according to a conventional wire electric discharge machine shown by FIG. 29, a current detecting 
35 circuit 11 detects main pulse current and outputs an average machining current value in a predetermined time period. 
A display device 12 displays the average machining current outputted from the current detecting circuit 11, average 
machining voltage outputted from the discharge gap detecting device 6 and feed speed outputted from the feed pulse 
calculating device 7, respectively, by receiving data of numeral values or levels. 

[0006] First, in order to detect whether electricity can be discharged between the workpiece 5 and the wire electrode 

40 4, detection pulse voltage is generated from the detector voltage generator 2 and is applied to the gap between the 
workpiece 5 and the wire electrode 4. When electricity conduction is caused between the workpiece 5 and the wire 
electrode 4 and voltage drop is caused between the workpiece 5 and the wire electrode 4, the discharge gap detecting 
device 6 detects the voltage drop, determines that electricity can be discharged, transmits a main pulse applying signal 
to the main pulse generator .1 to thereby generate a main pulse from the main pulse generator 1 and flows main pulse 

45 current (discharge machining current) to the gap between the workpiece 5 and the wire electrode 4. Thereafter, the 
discharge gap detecting device 6 applies again a detection pulse to the gap after elapse of a pertinent pause time 
period for cooling the gap. The discharge machining is carried out by repeatedly executing the operational cycle. 
[0007] In respect of a situation of repeated discharge the feed pulse calculating device 7 produces a series of pulses 
the feed pulse interval of which is normally controlled such that average voltage of the gap becomes constant in order 

so to optimize repetition of discharge at the gap by the discharge gap detecting device 6 and the feed pulse calculating 
device 7. The feed pulse distributing device 8 distributes the series of pulses into drive pulses of X-axis and Y-axis 
based on a machining program, outputs the drive pulses respectively to the X-axis motor control device 9 and the Y- 
axis motor control device 10, drives a table mounted with the workpiece 5 and carries out machining instructed by the 
machining program on the workpiece 5. 

55 [0008] Further, according to the conventional wire electric discharge machine shown by FIG. 29, the average ma- 
chining current detected by the current detecting circuit 11, the average machining voltage detected by the discharge 
gap detecting device 6 and the feed speed calculated by the feed pulse calculating device 7, are displayed on the 
display device 1 2 to thereby indicate a state in machining. 
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[0009] Fig. 11 shows monitor waveforms of the average machining voltage and the average machining current when 
the workpiece 5 having a section shown by Fig. 10 is sliced by a conventional controller of a wire electric discharge 
machine mentioned above. Further, FIG. 23 shows monitor waveforms of the average machining voltage and the 
average machining current when the workpiece 5 having a section shown by FIG. 22 is sliced by the conventional 
5 controller of a wire electric discharge machine mentioned above. 

[0010] Although the plate thickness of the workpiece 5 is varied, as shown by Fig. 11 and FIG. 23, in respect of a 
change in the plate thickness, the average machining voltage remains substantially constant as a whole. Similarly, the 
average machining current also remains substantially constant. 

[0011] Normally, when the plate thickness of the workpiece 5 is changed, disconnection of the wire electrode 4 is 

10 frequently caused immediately after machining is particularly shifted from a thick portion to a thin portion. Cause therefor 
seems to be that pulse current is liable to concentrate at one location at a portion having a thin plate thickness. There- 
fore, conventionally, in order to avoid pulse current from being concentrated on a portion having a thin plate thickness, 
machining is carried out by modifying a machining condition to that in conformity with the portion having a thin plate 
thickness from start of machining such that proper average machining current is produced. This operation gives rise 

15 to a considerable drop in the machining speed. 

[0012] When a change in the plate thickness is previously known and when, for example, an operation of reducing 
machining current in the case of a thin plate thickness and increasing the current in the case of a thick plate thickness 
can be carried out, the machining time period can be shortened by that amount. Conventionally, as a method of adjusting 
machining current by finding a change in a plate thickness, there has been devised a method in which thickness 

20 information is read from the drawings, a machining program is fabricated by including information of increasing or 
decreasing machining current and the information is instructed or displayed in machining. However, the thickness 
information is not necessarily constituted ordinarily to directly provide from dimensions of the drawings. Therefore, in 
constituting a machining program, the thickness information needs to particularly calculate and the thickness informa- 
tion needs to instruct previously. Otherwise, in carrying out cutting as in a cut model or wire electric discharge machining 

25 after coarsely constituting a workpiece already by machining, although the thickness information may particularly be 
calculated and instructed previously, such an operation per se is very difficult. 

[0013] Discharge in electric discharge machining is started by searching a very small conductive path such that a 
gap formed between an electrode and a workpiece opposed thereto becomes several tens u.m or less by a detection 
pulse or the like, thereafter flowing main pulse current and vaporizing or melting to scatter the very small conductive 
30 path or very small portions of the electrode and the workpiece in contact therewith forcibly by thermal energy produced 
there. Further, a series of the discharge machining cycle is finished by pause of current and a cooling action of a 
machining fluid. 

[0014] The degree of evaporation or melting to scatter at the both very small portions is determined by the magnitude 
of a peak value of the main pulse current having steep rise, thermally related properties of materials of the electrode 
35 and the workpiece such as melting heat or thermal conductivity and machining environmental properties such as prop- 
erties related to cooling of an insulating fluid such as latent heat of evaporation or viscosity. 

[0015] When the plate thickness of the workpiece mentioned above is thin, a time period until generation of succes- 
sive discharge at a vicinity of a discharge portion is shorter than that when the plate thickness is thick and accordingly, 
successive main pulse current is applied before sufficiently cooling the portion. Accordingly, depending on the machin- 

40 jng environmental properties mentioned above, heat is concentrated while the discharge portion remains uncooled. 
Further, there emerges a state in which a molten state still remains when successive main pulse is applied. In such a 
situation, the very small portions of the electrode and the workpiece cannot be evaporated or melted to scatter, the 
machining efficiency is extremely deteriorated and a state in which the discharge machining can no more be carried 
out is brought about. When the main pulse is applied further even under the situation, the wire constituting the electrode 

^5 is heated and destructed and finally reaches disconnection by being unable to withstand the tensile strength of the 
wire when the wire is travelling. 

[0016] Meanwhile, when the plate thickness differs, a number of repetition of discharge caused in progressing a 
constant distance also differs. Therefore, an effect of enlarging the gap between the wire electrode and the workpiece 
caused by secondary discharge via sludge becomes significant to thereby cause a problem in which an amount of 

50 enlarging in machining portions of the workpiece having different plate thicknesses is not constant. 

[0017] In this way, there poses a problem in which when the machining speed is intended to increase, there is a limit 
in energy capable of being applied to machining by an environment of machining such as a material or a plate thickness 
of the workpiece and the amount of enlarging machining at portions of the workpiece having different plate thicknesses 
is not constant as a result by a difference in a ratio of applied energy to plate thickness. 

55 [0018] As mentioned above, in order to avoid the wire electrode from causing disconnection from a stage in which 
the plate thickness of the workpiece rapidly changes to a stage where it changes gradually, further, in respect of an 
unpredictable change in the plate thickness the machining must be carried out by reducing the machining current and 
in that case, the machining speed is significantly retarded requiring the machining time period. Moreover, the amount 
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of enlarging machining differs by the plate thickness as mentioned above, modification needs to carry out again. 

SUMMARY OF THE INVENTION 

5 [001 9] An object of the invention is to provide a wire electric discharge machine capable of displaying a plate thickness 
of a workpiece and a machining current density in real time to be able to adjust machining current in accordance with 
a change in the plate thickness of the workpiece. 

[0020] Another object of the invention is to provide a wire electric discharge machine capable of promoting machining 
speed by preventing occurrence of disconnection of a wire electrode even with a change in a plate thickness in a 
10 workpiece and improving also a dispersion in a machining enlargement amount caused by the change in the plate 
thickness. 

[0021] According to embodiments of the invention, a ratio between inputted energies in machining a predetermined 
distance is calculated by a ratio between main pulse numbers in machining the predetermined distance or by a ratio 
between summed values of discharge machining currents, a change rate of a thickness of a workpiece is calculated 
15 by the ratio, there is installed means for detecting the thickness of the workpiece during the machining operation based 
on the change rate and the thickness of the workpiece which is set in start of the machining and a relationship between 
a movement distance of a machining path or a machining time period and the detected thickness of the workpiece is 
displayed on a display screen of a display device. 

[0022] Further, in embodiments of the invention, the thickness of the workpiece is detected by means for detecting 
20 the thickness of the workpiece during the machining operation, there are installed means for detecting machining 
current and means for calculating a machining current density in respect of a machining face of the workpiece from 
the detected thickness of the workpiece and the detected machining current and a relationship between a movement 
distance of a machining path or a machining time period and the detected machining current density is displayed on 
a display screen of a display device. 
25 [0023] Further, in embodiments of the invention, means for detecting machining speed is installed and the detected 
machining speed is displayed on the display screen. 

[0024] According to other embodiments of the invention, a controller is installed with a detection voltage generator 
for applying detection voltage for detecting a dischargeable state to a discharge gap between a wire electrode and a 
workpiece, a discharge gap detecting device for detecting the dischargeable state based on a change in the detected 

30 voltage, a main pulse generator for supplying a main pulse to the discharge gap based on a signal from the discharge 
gap detecting device, machining distance calculating means for calculating a machining distance and outputting a 
signal at each progress of machining by the predetermined distance and plate thickness change detecting means for 
calculating an energy amount inputted by a main pulse number inputted from the main pulse generator during machining 
by the predetermined distance at each progress of the machining by the predetermined distance or an integrated value 

35 of main pulse current and calculating a plate thickness change rate of the workpiece by a change rate of the inputted 
energy amount in respect of a reference value or a change rate of the inputted energy amount at each machining of 
the predetermined distance. Further, there is installed machining condition adjusting means for adjusting the energy 
amount inputted from the main pulse generator by a pause time period or a peak value or a pulse width of the main 
pulse current such that a machining current density remains unchanged by tne calculated plate thickness change rate 

to and the adjustment is carried out such that the machining current density remains unchanged even with the change 
in the plate thickness by which a dispersion in a machining enlargement amount is dispensed with and the machining 
speed is promoted. 

l 

BRIEF DESCRIPTION OF THE DRAWINGS 

45 

[0025] 

Fig. 1 is a block diagram of functionally essential portions of an embodiment of a wire electric discharge machine 

and its monitoring apparatus according to the invention; 
so Fig. 2 is an explanatory view for explaining a method of detecting a plate thickness according to the invention; 

Fig. 3 is an explanatory view of a table for storing monitor data according to a first embodiment of the invention; 

Fig. 4 is a block diagram of essential portions of the first embodiment according to the invention; 

Fig. 5 is a flowchart for obtaining monitor data according to the first embodiment; 

Fig. 6 is a flowchart of a processing of displaying monitor data according to the first embodiment; 
55 Fig. 7 is a diagram showing a display example of monitor data with the abscissa of time according to the first 

embodiment; 

Fig. 8 is a diagram showing a display example of monitor data with the abscissa of distance according to the first 
embodiment; 



4 



EP 0 934 791 A2 



Fig. 9 is an explanatory view of peak values of discharge current and discharge current in a discharge machining 
power source in which the width is not constant; 

Fig. 10 is an explanatory diagram of a workpiece where plate thickness is varied; 

Fig. 11 is a monitor diagram of machining average current, machining average voltage and the like in machining 
5 the workpiece shown by Fig. 10 by a conventional method; 

Fig. 12 is a monitor diagram of machining average current, machining average voltage and the like when the 
workpiece shown by Fig. 10 is machined by the invention; 

Fig. 13 is a constitution diagram of a fourth embodiment according to the invention; 

Fig. 14 is a constitution diagram of a fifth embodiment according to the invention; 
10 Fig. 15 is a constitution diagram of a sixth embodiment according to the invention; 

Fig. 16 is a constitution diagram of a seventh embodiment according to the invention; 

Fig. 17 is a constitution diagram of an eighth embodiment according to the invention; 

Fig. 18 is a constitution diagram of a ninth embodiment according to the invention; 

Fig. 19 is a constitution diagram of a tenth embodiment according to the invention; 
15 Fig. 20 is a constitution diagram of an eleventh embodiment according to the invention; 

FIG. 21 is an explanatory diagram of machining voltage and machining current; 

FIG. 22 is a sectional view of a workpiece for machining to compare the invention and a conventional example; 
FIG. 23 is a monitor diagram when the workpiece having a sectional view shown by FIG. 22 is machined by a 
conventional electric discharge machining controller; 
20 FIG. 24 is a monitor diagram when the workpiece having the sectional view shown by FIG. 22 is machined by the 

fourth embodiment of the invention; 

FIG. 25 is a sectional view of a workpiece for machining to observe an effect of the invention; 

FIG. 26 is a monitor diagram when the workpiece shown by FIG. 25 is machined by the first embodiment of the 

invention; 

25 FIG. 27 is a diagram showing a result of measuring a groove width when the workpiece shown by FIG. 25 is 

machined by a conventional electric discharge machining controller and machined by the fourth embodiment of 
the invention; 

FIG. 28 is an explanatory diagram showing the constitution of a conventional electric discharge machining con- 
troller; and 

30 FIG. 29 is an explanatory diagram showing other constitution of a conventional electric discharge machining con- 

troller. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

35 [0026] Fig. 1 is a block diagram of functionally essential portions of an embodiment of a wire electric discharge 
machine and its monitor apparatus according to the invention. Portions having constitutions the same as those of the 
conventional wire electric discharge machine shown by FIG. 29 are attached with the same notations. What are different 
from the conventional wire electric discharge machine are installment of a machining distance calculating device 13 
connected to the X-axis motor control device 9 and the Y-axis motor control device 10 for calculating a machining 

40 distance by inputting feed back signals from position detectors attached to motors of the respective shafts and outputting 
a signal at every movement by a predetermined machining distance, a main pulse number storing device 1 4 for counting 
main pulse application instruction signals from the discharge gap detecting device 6, a reference main pulse number 
storing device 15 ! for storing to set a main pulse number constituting a reference, a plate thickness calculating device 
16 for calculating a plate thickness change rate of the workpiece by an output from the main pulse number storing 

45 device 14 and an output from the reference main pulse number storing device 15, as mentioned later, and calculating 
the plate thickness and the display device 1 2 for inputting the calculated plate thickness, the average machining current 
outputted from the current detecting circuit 11 and the average machining feed speed outputted from the feed pulse 
calculating device 7 and displaying these. 

[0027] Detection pulse voltage is generated from the detection voltage generator 2 and is applied to the gap between 
50 the workpiece 5 and the wire electrode 4. When electricity conduction is caused between the workpiece 5 and the wire 
electrode 4 and voltage drop is caused between the workpiece 5 and the wire electrode 4, the discharge gap detecting 
device 6 detects the voltage drop, determines that electricity can be discharged, transmits the main pulse application 
instruction signal to the main pulse generator 1 , makes the main pulse generator 1 generate the main pulse and flows 
main pulse current (discharge machining current) having a predetermined width to the gap between the workpiece 5 
55 and the wire electrode 4. Further, the main pulse application instruction signal is inputted to the main pulse number 
storing device 14 and is counted. 

[0028] Thereafter, after elapse of a pertinent pause time period for cooling the gap, the operational cycle of applying 
the detection pulse to the gap from the detection voltage generator 2 again is repeatedly executed. Further, the dis- - 
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charge gap detecting device 6 outputs a signal for servo feed to the feed pulse calculating device 7 and the feed pulse 
calculating device 7 forms a series of pulses controlling the feed pulse interval such that repetition of discharge at the 
gap is optimized, according to the embodiment, the machining average voltage coincides with set voltage (servo volt- 
age) and outputs the series of pulses to the feed pulse distributing device 8. The feed pulse distributing device 8 

s distributes the series of pulses to drive pulses of X-axis and Y-axis based on the machining program, outputs them 
respectively to the X-axis motor control device 9 and the Y-axis motor control device 10| drives a table mounted with 
the workpiece 5 and carried out machining instructed by the machining program in respect of the workpiece 5. 
[0029] The machining distance calculating device 1 3 calculates a relative movement distance of the wire electrode 
4 in respect of the workpiece 5 by feed back signals of positions from position detectors attached to the X-axis and Y- 

10 axis motors and outputs signals to the main pulse number storing device 1 4 and the plate thickness calculating device 
16 at every movement of a set predetermined machining distance. The main pulse number storing device 14 resets a 
stored value by receiving the signal and starts counting again the main pulse application signal. Further, the plate 
thickness calculating device 16 receives the above-described signal and calculates the plate thickness by the main 
pulse number which has been stored in the main pulse number storing device 14 before resetting and the reference 

15 main pulse number stored to set to the reference main pulse number storing device 1 5. The calculated plate thickness 
is outputted to the display device 1 2 and the display device 1 2 displays the plate thickness in a graph as a function of 
machining time period or machining distance. Further, the display device 12 is inputted with the average machining 
current from the current detecting circuit 11 and the average machining speed from the feed pulse calculating device 
and these data are also displayed in graphs as functions of the machining time period or the machining distance. 

20 [0030] At this occasion, an explanation will be given of a method of calculating the plate thickness which is carried 
out in the plate thickness calculating device 16. 

[0031] Fig. 2 is an explanatory view of a method of calculating plate thickness in wire electric discharge machining 
in respect of a workpiece in which the plate thickness is changed from H(n) to H(n+1). 
[0032] Setting notations as follows, 

25 

Ax: set predetermined machining distance 
g: machining enlargement amount 
A: diameter of wire 

P: effective discharge pulse number generated in machining an amount of Ax 
30 Q; shortcircuit discharge pulse number generated in machining an amount of Ax 

w1 : machining amount per shot of effective discharge pulse 
wO: machining amount per shot of shortcircuit discharge pulse, 

when the wire electrode 4 is moved relative to the workpiece 5 by the set predetermined machining distance Ax, a 
3S machined amount and a machining amount are equal to each other and accordingly, a relationship of the following 
Equation (1 ) is established. 

(2g+A) X H X Ax = P X w1 + Q X w2 (1) 

40 

[0033] Incidentally, notation H signifies the plate thickness H(n) or H(n+1) in Fig. 2. 

[0034] Further, when the machining operation is progressed at a high machining efficiency, the shortcircuit discharge 
pulse number is s'rnall and P»Q, further, the machining amount wO per shot of the shortcircuit discharge pulse is very 
small compared with the machining amount w1 per shot of the effective discharge pulse and w1 »w0 and accordingly, 
45 by rearranging the above-described Equation (1 ), the plate thickness H can be approximated by the following Equation 
(2). 

H = {w1/(2g+A)} X (P/Ax) (2) 

so 

[0035] In Equation (2), w1 and g are values substantially determined by materials of the workpiece and the wire 
electrode, a peak value of the pulse current and the width of the current pulse and can be regarded constant so far as 
the machining operation is progressed under the same conditions. Further, a value of the wire diameter A is a value 
unilaterally determined by the wire electrode used and accordingly, when these values are previously set, by measuring 
55 (P/Ax), the plate thickness H can be calculated from Equation (2). 

[0036] In Fig. 2, when the plate thickness at position Xn is designated by H(n), the effective discharge pulse number 
counted when the machining is carried out by the predetermined machining distance Ax is designated by P(n), the 
plate thickness at a portion of position Xn+1 is designated by H(n+1) and the effective discharge pulse number is 
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designated by P(n+1). the following equations are established from the above-described two equations. 

H(n) = {w1/(2g+A)} X (P(n)/Ax) 

5 

H(n+1) = {w1/(2g+A)) X (P(n+1)/Ax)} 
[0037] Accordingly, when the plate thickness change rate is designated by P, the following equation is established. 

10 

p = H(n+1)/H(n) = P(n+1)/P(n) 

[0038] Further, P(n+1 ) and P(n) each signifies an amount of applied energy when machining is carried out by the 

75 predetermined machining distance Ax when the peak value of the pulse current and the current pulse width are constant. 
Hence, the main pulse number (effective discharge pulse number) which is generated in machining a reference plate 
thickness Hs by the set predetermined machining distance Ax, is defined as a reference pulse number Ps and stored 
to the reference main pulse number storing device 1 5. At every time of detecting movement of the set predetermined 
machining distance Ax by the machining distance calculating device 13, the main pulse number P counted and stored 

20 by the main pulse number storing device 14 during an interval of the movement distance is calculated and the plate 
thickness change rate can be calculated as p=P/Ps from the main pulse number P and the reference pulse number 
Ps, that is, the applied energy amount (P) and the reference energy application amount (Ps). 
[0039] Further, the plate thickness change rate in respect of the reference plate thickness is P=H/H(s) and accordingly, 
by multiplying the reference plate thickness Hs by the calculated plate thickness change rate P(=P/Ps), the plate thick- 

25 ness H of the workpiece 5 during the machining operation is known. H is calculated by Hsx(P/Ps). 
[0040] Fig. 4 is block diagram of essential portions according to an embodiment of the invention. 
[0041] According to the embodiment, CNC (Computer Numeral Control) apparatus is used as a controller 1O0 and 
function and operation of elements 7 through 15 in Fig. 1 are carried out by the controller 100. Further, elements the 
same as elements shown by Fig. 1 are attached with the same notations. 

30 [0042] The controller 100 is provided with a monitor CPU (processor for monitoring) 102 for monitoring discharge, 
calculating the servo feed amount and monitoring the main pulse number of discharge, a digital servo CPU (processor 
for servo control) 105 for controlling to drive servo motors of X-axis and Y-axis for moving the workpiece 5 relative to 
the wire electrode 4, PCCPU (processor for programmable controller) 109 for forming display data, controlling display 
of drawn picture and sequentially controlling the wire electric discharge machine and CNCCPU (processorfor numerical 

35 control) 112 for controlling machining position based on the machining program and these CPU are connected to a 
bus 116. Further, the bus 116 is connected with an input/output circuit 101 and a display device & MID (manual input 
device with display device) 1 05. 

[0043] ROM 103 storing a system program for the monitor CPU and RAM 1 04 installed with a table for storing detected 
monitor data, mentioned later, are connected to the bus 106. Further, ROM 106 for storing a system program for the 

40 digital servo CPU 105 to carry out servo control, RAM 107 utilized for temporarily storing various data and a servo 
amplifier 108 for controlling to drive servo motors of X-axis and Y-axis, are corrected by the bus. Further, although 
servo motors of respective shafts are connected to the servo amplifier 108, in Fig. 4, only one servo motor 20 is shown. 
Further, although 'not illustrated, each of the servo motors is attached with a position and speed detector for detecting 
position and speed of the workpiece 5 relative to the wire electrode 4. 

45 [0044] Also PCCPU 109 is connected with ROM 110 storing a system program for CPU 109 and RAM 111 used for 
temporarily storing data by the bus and CNCCPU 112 is connected with ROM 113 for storing a system program for 
CPU 112 and RAM 114 used for temporarily storing data by the bus. The controller 100 constituted by the above- 
described CNC device remains the same as and not different from the conventional controller. 
[0045] Similar to the conventional controller, CNCCPU 112 controls an interval of feel pulse (controls feed speed) 

so such that the average machining voltage of the gap between the workpiece 5 and the wire electrode 4 stays constant 
based on the machining program stored in RAM 114 and distributes movement instruction to respective shafts, a digital 
servo CPU carries out feedback control of position and speed based on the distributed movement instruction and 
feedback signals of position and speed from position and speed detectors attached to the respective servo motors and 
controls to drive the servo motors 20 of the respective shafts via the servo amplifiers 108. Further, similar to the con- 

55 ventional device, the discharge gap detecting device 6 detects that the discharge gap is brought into a dischargeable 
state by lowering the detection pulse voltage, outputs the main pulse application instruction signal to the main pulse 
generator I and the input/output circuit 101 and the main pulse generator 1 generates the main pulse and flows the 
main pulse current (discharge machining current) to the gap between the workpiece 5 and the wire electrode 4. Further, 
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the current detecting circuit 11 detects machining current and outputs average machining current I during a predeter- 
mined time period at every predetermined period of time to the input/output circuit 101 . The above-described operation 
is the same as that of the conventional controller. 

[0046] The invention is featured in that plate thickness of the workpiece 5 can be displayed and monitored in real 
s time in the controller 1 00 and an explanation will be given of operation and action of the point in reference to flowcharts 
shown by Fig. 5 and Fig. 6. 

[0047] Fig. 5 is a flowchart of a processing of inputting monitor data which the monitor CPU 102 executes at a 
predetermined period of time by a multiple task processing. First, an operator inputs plate thickness at start of machining 
the workpiece 5 as reference plate thickness Hs and stores it to a table 30 as shown by Fig. 3 installed in RAM 104. 
10 Further, when the machining instruction is inputted, CNCCPU 11 2 starts machining by distributing movement instruction 
to the respective shafts based on the machining program. The monitor CPU 102 resets registers for storing writing 
index n designating address of the table 30 for storing monitor data, flag F, timer t and the main pulse number P to 
"zero", and starts the timer (Step A1). The monitor CPU 102 then determines whether the discharge machining has 
been finished or not (Step A2) and when it has not been finished, determines whether the machining distance is pro- 
fs gressed by the set distance Ax or not (Step A3). Processings of Steps A2 and A3 are repeated until progress of the 
set distance Ax is detected. 

[0048] Further, although calculation of the distance Ax is not shown in the flowchart, RAM 107 is installed with. reg- 
isters of current values of the respective shafts for summing up positional feedback signals which are fed back from 
the position and the speed detectors of X-axis and Y-axis and storing the current position in the processing of the digital 

20 servo CPU 105. Values of the respective shaft current value of registers are stored at the start of machining and at 
every detection of movement of the predetermined distance Ax and a movement amount is calculated by a difference 
between the values of registers of the respective shaft current value detected at every processing time period and the 
stored values and whether the movement amount is equal to or larger than the set distance Ax is determined. 
[0049] Further, the monitor CPU 102 simultaneously monitors the main pulse application instruction signal outputted 

25 from the discharge gap detecting device 6 in parallel with the processings shown by Fig. 5, counts the number, that 
is, the main pulse number P and stores it to a register in RAM 104. 

[0050] Then, when the movement amount is detected to be equal to or more than the set distance Ax at Step A3, 
the monitor CPU 102 reads values of the main pulse number P and timer t which are stored at that time and reads 
machining speed (feed speed) V at the time point which is calculated by CNCCPU 112 and the average machining 
30 current I outputted from the current detecting circuit 11 (Step A4). Next, whether flag F is "null" is determined and when 
the flag F is "null" and it is detected that machining by the first set distance Ax from start of machining has been finished, 
the main pulse number P read at Step A4 is stored to the table 30 as the reference main pulse number Ps (Step A6), 
the flag F is set to "1", a register storing the main pulse number P is reset (Step A7) and the operation proceeds to 
Step A2. 

35 [0051] When movement of the set distance Ax is detected by repeatedly executing processings of Steps A2 and A3, 
the operation proceeds to Step A4, reads the main pulse number P, the value of the timer t, the machining speed V 
and the average machining current I and proceeds from Step A5 to A8 since the flag F is set to "1". Further, the index 
n is incremented by "1 " and the main pulse number P, the value of the timert, the machining speed Vand the machining 
current I read at Step A4 are stored to addresses of the table 30 respectively indicated by the index n as Pn, tn, Vn 

40 and In (Step A9). Next, a register storing the main pulse number P is reset (Step A10) and the operation returns to 
Step A2. Thereafter, processings of Steps A2 through A5 and A8 through A10 are repeatedly executed and the main 
pulse number P, the value of the timer t, the machining speed V and the machining current I are stored in the table 30 
as shown by Fig: 3 at every progress of machining by the set distance Ax until the electric discharge machining is 
finished. 

45 [0052] Fig. 6 is a flowchart of a processing of displaying monitor data executed by PCCPU 109. 

[0053] When a display screen of monitor data is selected, PCCPU 109 starts the processing of Fig. 6, firstly, sets 
the reading index i designating address for reading data from the table 30 to "1" (Step B1) and reads the reference 
plate thickness Hs and the reference main pulse number Ps stored at the table 30 (Step B2). Next, the operation 
determines whether the reading index i of data is larger than the index n for designating address of writing data (Step 

50 B3), when a value of the index i is smaller than a value of the index n, the operation determines whether the abscissa 
of the display screen is set to distance (Step B4) and when the abscissa is set to time, the operation proceeds to Step 
B5 and reads data Pi, ti, Vi and li stored to addresses indicated by the index i from the table 30. Further, as mentioned 
above, plate thickness Hi is calculated by multiplying a value produced by dividing the read main pulse number Pi by 
the reference main pulse number Ps (as described above, the value signifies the plate thickness change rate (3) by the 

55 reference plate thickness Hs (Step B6), Further, current density Di is calculated by dividing the read average machining 
current li by the plate thickness Hi calculated at Step B6 (Step B7). 

[0054] Next, time is set to the abscissa and the plate thickness, the current density, the machining speed and the 
machining current are set to the ordinate (refer to Fig. 7), a position in correspondence with the read timer value Hi is 
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sought at the abscissa, positions respectively in correspondence with the calculated plate thickness Hi, the current 
density Di, the machining speed VI and the machining current li are sought at the ordinate and the plate thickness Hi, 
the current density Di, the machining speed VI and the machining current li are displayed on a display screen of the 
display device and MDI105 at positions where the sought positions of the abscissa and the ordinate are intersected 

5 with each other (Step 88). Thereafter, the index i is incremented by °T (Step B9), the operation determines whether 
the screen is switched (Step B10), when the monitor screen is not switched, the operation determines whether the 
abscissa is switched and set to distance (Step B16) and when it is not switched and the abscissa designates time, the 
operation proceeds to Step B3. Thereafter, when there is no switching of the screen and switching of the abscissa, 
processings of Steps B3 through B10 and B16 are repeatedly executed until the reading index i exceeds the writing 

10 index n and the plate thickness, the current density, the machining speed and the machining current are displayed in 
the display screen of the display device and MDI105 with the abscissa as time axis as shown by Fig. 7. 
[0055] Further, when the index i exceeds the index n, the operation proceeds from Step B3 to Step B10 and new 
picture drawing processing is stopped. Meanwhile, when the index n is incremented by "1" by the processing at the 
Step A8 shown by Fig. 5 and new monitor data is added to write to the table 30, values of the index i and the index n 

15 coincide with each other at Step B3 and accordingly, the operation carries out processings at Step B4 and Step B5 
and carries out the above-described display processing and the plate thickness, the current density, the machining 
speed and the machining current are additionally displayed on the display screen (Steps B6 through B8). That is, at 
every time of progress of the machining speed by Ax, the monitor data Pi, ti, VI and li are increased and based on the 
increased monitor data, the plate thickness Hi, the current density Di, the machining speed VI and the machining current 

20 M are calculated and additionally displayed on the display screen and these data are displayed in real time. 

[0056] Further, when the abscissa is set to distance, the operation proceeds from Step B4 to Step B11, carries out 
Steps B1 1 through B1 3 which are processings the same as those of Steps B5 through B7 mentioned above, calculates 
the plate thickness Hi and the current density Di, sets distance to the abscissa and displays by graphs these data at 
positions in correspondence with the plate thickness Hi, the current density Di, the machining speed Vi and the ma- 

25 chining current li of the ordinate at a position of the abscissa in correspondence with a position of the index i multiplied 
by Ax (Step B14). Further, the index i is incremented by "1", the operation proceeds to Step B10, repeats processings 
of Steps B3, B4, B11 through B15, B10 and B16 until the index i exceeds the value of the index n when there is no 
switching of screen and switching of the abscissa and displays the plate thickness Hi, the current density Di, the ma- 
chining speed Vi and the machining current li with the abscissa as distance as shown by Fig. 8. 

30 [0057] Further, also in this case, although the display is stopped at time point at which the reading index i exceeds 
the value of the writing index n, when the writing index n is incremented and new monitor data is written to the table 
30, processings of Steps B3, B4 and B11 through B1 5 are immediately executed and new ones of the plate thickness 
Hi, the current density Di, the machining speed VI and the machining current li are displayed and displayed in real time. 
[0058] Further, when the operator sets to change the abscissa from time to distance or from distance to time, PCCPU 

35 109 detects the change at Step B16, the processing returns to Step B1, executes display processing from the start 
and reexecutes drawing in conformity with the abscissa set to time or distance. 

[0059] As described above, the plate thickness Hi, the current density Di, the machining speed VI and the machining 
current li are displayed on the display screen in real time and when the plate thickness of the workpiece 5 is changed 
in the midst of machining, the plate thickness on the display screen is also changed. Fig. 7 and Fig. 8 show monitor 

40 display screens provided in machining the workpiece 5 the plate thickness of which is changed as shown by Fig. 10 
and when the plate thickness is reduced, as shown by Fig. 7 and Fig. 8, the display plate thickness is also reduced. 
Further, as is apparent from Fig. 11, the average machining current stays substantially constant and remains unchanged 
and accordingly the current density Di produced by dividing the average machining current li by the calculated plate 
thickness Hi is to be increased (in Fig. 7 and Fig. 8, the increased current density Di is not displayed). Hence, the 

^5 operator confirms that the plate thickness has been changed on the display screen, adjusts the pause time period of 
pulse applied to the gap between the workpiece 5 and the wire electrode 4, or the feed speed (servo voltage in servo 
feed control for controlling feed speed such that the average machining voltage at the gap between the workpiece 5 
and the wire electrode 4 becomes set servo voltage) or applied voltage of pulse and adjusts the machining current 
such that the displayed current density Di stays constant and remains unchanged before and after change of the plate 

50 thickness. Fig. 7 and Fig. 8 display the current density Di after the adjustment. 

[0060] It is known from Fig. 7 and Fig. 8 that the adjustment is carried out such that the current density Di remains 
unchanged even when the plate thickness is changed and when the plate thickness is reduced, the value of the average 
machining current is also reduced and the machining speed is conversely increased. Further, Fig. 1 2 displays by graphs 
the machining average voltage and the machining average current when the workpiece 5 the plate thickness of which 

55 is changed is machined, shown in Fig. 10, the adjustment of the machining current in change of the plate thickness 
according to the invention is carried out and in conformity with the change of plate thickness, the machining current is 
reduced by 50 % at time point at which the plate thickness is reduced by 50 %. By comparing Fig. 12 with Fig. 11 in 
which the machining by the conventional method is carried out, in the case of the invention shown by Fig. 12, a ma- 
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chining condition (machining current) suitable for the plate thickness can be used and therefore, the machining time 
period is short and the machining is finished by about 14 minutes. However, in the case of the conventional method, 
the machining condition (machining current) is determined in conformity with an occasion in which the plate thickness 
is small and accordingly, the machining time period is prolonged at an occasion where the plate thickness is large and 

5 the machining time period of about 20 minutes is required. 

[0061] Further, when the plate thickness is changed in three steps as shown by Fig. 10, the initially machined plate 
thickness is set to Hs as reference plate thickness, the reference main pulse number at the occasion is set to Ps, the 
plate thickness at the second step is set to H1 and the plate thickness at the third step is set to H2 and the main pulse 
number when the plate thickness is changed from Hs to H1 is set to P1, then, the plate thickness H1 at the second 

10 step is defined as follows. 

H1 =Hs(P1/Ps) (3) 

15 [0062] At this occasion, assume that the machining current is adjusted and the main pulse number in machining the 
plate thickness at the second step is P2. However, although the machining speed is changed before and after adjusting 
the machining current, an amount of machining stays constant since the plate thickness stays constant and the ma- 
chining is carried out by the movement distance Ax, inputted energy stays constant and accordingly, a relationship of 
P1=P2 is established. Further, assume that the main pulse number in changing from the plate thickness at the second 

20 step to the third plate thickness is P3, then, in view of a relationship of the plate thickness from the second step to the 
third step, the reference plate thickness is H1 and the reference main pulse number is P2 and the plate thickness H2 
at the third step is as follows from the above-described equation (3). 

2S H2 = H1(P3/P2) = Hs(P1/Ps)(P3/P2) 

[0063] As mentioned above, P2=P1, as a result, the following equation is established. 

30 H2=Hs(P3/Ps) (4) 

[0064] Even when the plate thickness is changed by a number of times and the machining current is adjusted at 
each occasion, the plate thickness Hi can be calculated by the reference plate thickness Hs and the reference main 
pulse number Ps which are initially set and calculated and the main pulse number Pi at each of progress of machining 
35 . by Ax. 

<Second Embodiment 

[0065] In the above-described embodiment, voltage lower than the main pulse voltage is applied from the detection 
40 voltage generator 2 to the gap between the workpiece 5 and the wire electrode 4 and power source for applying the 
main pulse is used by determining whether electricity can be discharged by lowering of the voltage of the gap. Thereby, 
energy of discharge by one time of the main pulse stays constant. Therefore, by counting a number of the main pulse 
applied between the workpiece 5 and the wire electrode 4, an amount of energy inputted for discharge machining can 
be calculated. The inputted energy amount can also be calculated by summing up discharge current in place of counting 
45 the number of the main pulse. Further, a summed value of discharge current at each of progress of machining by Ax 
is calculated and the plate thickness can also be calculated by the summed value. 

[0066] Particularly, although the method of detecting the plate thickness by the inputted energy amount (summed 
value of discharge current) by calculating the inputted energy amount by the summed value of discharge current, is 
applicable to a case in which a value of discharge current and time width by main pulse stay constant as in the above- 
so described embodiment, the method is rather suitable for the case in which values and time widths of respective dis- 
charge current are different from each other. For example, as a power source, the method is suitable for the case of 
using a discharge machining power source using cpacitor discharge which has conventional been publicly-known or 
a discharge machining power source in which direct current voltage is applied between the workpiece 5 and the wire 
electrode 4 simply by switching elements and discharge is awaited. For example, in the case of a discharge machining 
55 power source in which charge voltage of a capacitor or direct current power source voltage is applied between the 
workpiece 5 and the wire electrode 4 by switching elements by opening a gate only by a set ON time period as shown 
by Fig. 9, discharge current is flowed when discharge is caused between the workpiece 5 and the wire electrode 4 
during the ON time period to thereby carry out discharge machining, peaks and time widths of the discharge current 
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are varied by discharge start time and as shown by Fig. 9, an amount of energy of discharge current by one time of 
discharge is varied. Therefore, the amount of inputted energy dissipated in the discharge machining is calculated not 
by counting the discharge pulse but by calculating the summed value of the discharge current and is used in place of 
the main pulse number P in the above-described embodiment. 

5 [0067] In this case, according to the processing executed by the monitor CPU 102 of the controller 100, the number 
of application instruction of main pulse from the discharge gap detecting device, that is, the main pulse number P is 
not counted but the average machining current outputted from the current detecting circuit 11 is read at every prede- 
termined time period and summed up to a register and the current summed value is used in place of the main pulse 
number P which is a point of difference and the other remains the same as in the above-described embodiment. 

10 [0068] Also in the processing of obtaining monitor data shown by Fig. 5, only P may be replaced by the current 
summed value. Further, also in the processing of displaying monitor data shown by Fig. 6, P is replaced by the current 
summed value. 

<Third Embodiment 

15 

[0069] According to the first and the second embodiments mentioned above, as a method of calculating the plate 
thickness, as shown by Steps B6 and B1 2 of Fig. 6, the reference plate thickness Hs and the reference inputted energy 
amount Ps in correspondence with the reference plate thickness (main pulse number or discharge current summed 
value) are used. However, in place of the reference plate thickness Hs and the reference inputted energy amount Ps, 

20 at every progress of machining by the set distance Ax, plate thickness Hi of the current time may be calculated by plate 
thickness Hi-1 and inputted energy amount Pi-1 which have been calculated at a preceding time. In this case, according 
to the processing shown by Fig. 5, plate thickness which is set before start of machining is set to an initial value and 
is stored to a register storing plate thickness at a preceding time and according to Step A6, the inputted energy amount 
P which has been calculated (main pulse number or discharge current summed value) is stored to a register storing 

25 inputted energy amount at a preceding time. Otherwise, processings similar to those of the processings shown by Fig. 
5 are carried out and the table 30 as shown by Fig. 3 is formed. 

[0070] Meanwhile, according to the processing of Fig. 6, the processing at Step B2 is not carried out, the operation 
proceeds from Step B1 to B3 and according to the processings at Steps B5 and B11, data Pi, ti, Vi and li stored to the 
table 30 are read and the plate thickness and the inputted energy amount are read from registers storing the plate 
30 thickness and the inputted energy amount at a preceding time. The read plate thickness and the inputted energy amount 
are defined as Hi-1 and Pi-1 as those at the preceding time. Further, in the plate thickness calculating processing at 
Steps B6 and B12, the plate thickness Hi is calculated by carrying out the following calculation. 

3S Hi = HM(Pi/Pi-1) (5) 

[0071] Further, the calculated plate thickness Hi and the inputted energy amount Pi at current time are stored to 
registers storing the plate thickness and the inputted energy amount at the preceding time and the operation proceeds 
to Step B7 or B13. The following steps are the same as those in the processing of Fig. 6. 

40 [0072] By the above-described processings, when the plate thickness of the workpiece 5 remains unchanged, the 
machining amount of the machining distance Ax remains unchanged, the inputted energy amount remains unchanged 
and accordingly, the inputted energy amount Pi-1 at the preceding time and the inputted energy amount Pi at the current 
time are substantfally equal to each other and the plate thickness Hi calculated by the above-described equation stays 
the same as the plate thickness Hi-1 at the preceding time. Meanwhile, when the plate thickness is changed, a difference 

45 js caused in the amount of machining when the machining is carried out by the machining distance Ax in accordance 
with the change in the plate thickness. Further, a difference is also caused in the inputted energy amount by the dif- 
ference in the machining amount and accordingly, a difference is caused between Pi and Pi-1 . As a result, the changed 
plate thickness Hi is calculated by the above-described equation (5) and the plate thickness is stored to the register 
storing the plate thickness at the preceding time. 

so [0073] In this way, the plate thickness can successively be calculated based on the plate thickness and the inputted 
energy at the preceding time. 

<Fourth Embodiment 

55 [0074] Fig. 13 is a constitution diagram of essential portions of a fourth embodiment of a wire electric discharge 
machine according to the invention. What are different from the conventional wire electric discharge machine shown 
by FIG. 28 are installment of the machining distance calculating device 1 3 connected to the X-axis motor control device 
9 and the Y-axis motor control device 10 for calculating machining distance by inputting feedback signals from position 
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detectors attached to motors of the respective shafts and outputting a signal at every movement of predetermined 
machining distance, the main pulse number storing device 1 4 for counting a main pulse input signal from the discharge 
gap detecting device 6, the reference main pulse number storing device 15 for storing to set the main pulse number 
constituting the reference, the plate thickness calculating device 16 for calculating the plate thickness change rate of 
5 the workpiece by an output from the main pulse number storing device 1 4 and an output from the reference main pulse 
number storing device 15, as mentioned later, and a discharge pause time control device 17 for calculating a pause 
time period of the detection pulse by the calculated plate thickness. 

[0075] That is, according to the fourth embodiment, plate thickness change detecting means is constituted by the 
main pulse number storing device 14, the reference main pulse number storing device 15 and the plate thickness 
10 calculating device 16 and the discharge pause time control device 17 is installed as machining condition adjusting 
means. As compared with the first embodiment shown in FIG. 1, the fourth embodiment differs in that a discharge 
pause time control device 17 is provided in place of the display device 12 and that the current detecting circuit 11 is 
not provided. 

[0076] Detection pulse voltage is applied from the detection voltage generator 2 to the gap between the workpiece 

15 5 and the Wire electrode 4. When a voltage drop is caused between the workpiece 5 and the wire electrode 4, the 
discharge gap detecting device 6 transmits the main pulse input signal to the main pulse generator 1, and flows the 
main pulse current with a predetermined width (discharge machining current) from the main pulse generator 1 to the 
gap between the workpiece 5 and the wire electrode 4. Further, the main pulse input signal is inputted to the main 
pulse number storing device 14 and is counted. 

20 [0077] Thereafter, after elapse of a pertinent pause time period for cooling the gap, the operational cycle for applying 
the detection pulse to the gap from the detection voltage generator 2 again is repeatedly executed. Further, the dis- 
charge gap detecting device 6 transmits a signal for servo feed to the feed pulse calculating device 7, and the feed 
pulse calculating device 7 forms a series of pulses such that repetition of discharge at the gap is optimized and outputs 
the series of pulses to the feed pulse distributing device 8. The feed pulse distributing device 8 distributes the series 

25 of pulses to drive pulses of X-axis and Y-axis based on the machining program, outputs them respectively to the X- 
axis motor control device 9 and the Y-axis motor control device 10, drives a table and carries out the machining. 
[0078] The machine distance calculating device 1 3 outputs a signal to the main pulse number storing device 1 4 and 
the plate thickness calculating device 16 each time when the wire electrode 4 relatively moves with respect of the 
workpiece 5 by a predetermined machining distance. The main pulse number storing device 14 counts and stores the 

30 main pulse input signals between the above outputted signals. Further, the plate thickness calculating device 16 re- 
ceives the above outputted signal, calculates the plate thickness by the main pulse number which has been stored in 
the main pulse number storing device 14 and the reference main pulse number stored to set to the reference main 
pulse number storing device 15. The above procedure is the same as that in the first embodiment shown in FIG. 1. In 
this fourth embodiment, by the calculated plate thickness, the discharge pause time control device 17 calculates a 

35 pause time period of the outputted pulse, outputs it to the detection voltage generator 2 and sets the pause time period. 
[0079] Then, the plate thickness H is obtained by the plate thickness calculating device 16. As described in the first 
embodiment shown in Fig. 2, the plate thickness change rate p is obtained as P/Ps the main pulse number P and the 
reference pulse number Ps when the plate thickness is changed from H(n) to H(n+1). The plate thickness calculating 
device 16 performs the calculation of "P/Ps" to obtain the plate thickness change rate p based on the main pulse 

40 number P stored in the main pulse number storing device 1 4 and the reference pulse number Ps stored in the reference 
main pulse number storing device 15. A wire-disconnection and a change in the machining enlargement amount are 
dispensed with by optimally controlling the machining current by controlling the machining current density such that it 
is not changed by a change in the plate thickness based on thus obtained plate thickness change rate p. 
[0080] Further, according to the fourth embodiment shown by Fig. 13, the machining current is optimally controlled 

4S by controlling the discharge pause time period by the discharge pause time control device 1 7. 

[0081] As shown by FIG. 21 , a time period from when detection voltage is applied from the detection voltage generator 
2 to the gap between the wire electrode 4 and the workpiece 5 to when main pulse current is inputted is defined as a 
no load machining time period Tw. A current peak value is designated by Ip and a current pulse width thereof is des- 
ignated by Ton in the case in which when electricity conduction is caused between the wire electrode 4 and the work- 

50 piece 5 and detected voltage is lowered, the voltage drop is detected by the discharge gap detecting device 6, a main 
pulse input signal is outputted and main pulse current is inputted from the main pulse generator 1 . Further, a time 
period for stopping to apply the detection voltage to the gap is defined as a pause time period and is designated by 
Toff. Further, the average machining current is designated by Im and the machining current density is designated by 
Id in one discharge cycle. Further, in Fig. 2, respective values at Xn portion and Xn+1 portion are designated as follows. 

55 

Current peak value (A) : lp(n), lp(n+1 ) 
Current pulse width (u,s) : Ton(n), Ton(n+1 ) 
Pause time period (us) : Toff(n), Toff(n+1) 
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No load machining time period (jis) : Tw(n), Tw(n+1) 
Average machining current (A) : lm(n), lm(n+1) 
Machining current density (A/mm 2 ) : ld(n), ld(n+1 ) 
Plate thickness : H(n), H(n+1) 

[0082] In this case, the average machining currents lm(n) and lm(n+1 ) and the machining current densities ld(n) and 
ld(n+1) are calculated by the following relationships. 

Im(n) = lp(n)xTon(n)/(Tw(n)+Toff(n)) (6) 
ld(n) = lm(n)/(H(n)x(A+2g)) (7) 
lm(n+1 ) = lp(n+1 )xTon(n+1)/(Tw(n+1)+Toff(n+1)) (8) 

ld(n+1) = lm(n+1)/(H(n+1)x(A+2g)) (9) 

[0083] When the current densities at portions of positions Xn and Xn+1 are made constant (ld(n)=ld(n+1)), the fol- 
lowing equation (10) is obtained from Equation (7) and Equation (9). 

lm(n)/(H(n)X(A+2g)) = lm(n+1)/(H(n+1)X(A+2g) (10) 

[0084] From Equation (10), H(n+1)/H(n)=lm(n+1)/lm(n) is established and the equation signifies the plate thickness 
change rate p and the following equation (11 ) is established. 

P = H(n+1)/H(n) = lm(n+1)/lm(n) (11) 



[0085] That is, when the current density is made constant, a change rate of the machining average current Im coin- 
cides with the plate thickness change rate and the machining average current I m is proportional to the plate thickness t. 
35 [0086] Meanwhile, machining conditions in wire electric discharge machining may be considered normally as the 
following conditions. That is, approximation can be carried out as follows. 



40 
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50 
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Ton(n) « Tw(n)+Toff(n) 
Ton(n+1 ) « Tw(n+1 )+Toff(n+1 ) 

I 

lp(n) = lp(n+1) 

[0087] Further, following approximation can be carried out. 

Ton(n) = Ton(n+1) 

[0088] Hence, by rearranging Equations (6), (7) and (1 0) from the above-described conditions, the following equation 
is established. 

p = lm(n+1)/lm(n) = {Tw(n)+Toff (n)}/{Tw(n+1 )+Toff(n+1 )} (12) 
[0089] Equation (12) signifies that in order to make constant the current densities at portions of positions Xn and 
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Xn+1, a value of a time period of pause of machining (Tw(n)+Toff(n)) which is produced by adding the pause time 
period Toff(n) to the no load machining time period Tw(n) at the portion of position X(n) multiplied by a reciprocal number 
of the plate thickness change rate p, is determined as a time period (Tw(n+1)+Toff(n+1)) in which machining pauses 
at a portion of position X(n+1). 

5 [0090] Meanwhile, when servo feed control is carried out such that the machining average voltage becomes constant, 
machining voltages at portions of positions Xn and Xn+1 of Fig. 2 are substantially equal to each other and accordingly, 
the following equation is established. 

10 Tw(n)/{Tw(n)+Toff(n)} = Tw(n+iy{Tw(n+1)+Toff(n+1)} 

[0091] From the above equation, the following equation is established. 

15 * Tw(n+1 )/Tw(n) = {Tw(n+1 )+Toff (n+1 ))/{Tw(n)+Toff (n)} (1 3) 

[0092] From Equation (7) and Equation (8), the following equations are established. 

20 Tw(n+1) = Tw(n)/p (14) 



Toff(n+1) = Toff(n)/p (15) 

25 [0093] As a result, it signifies that in order to make constant the machining current density when the plate thickness 
is changed, the pause time period Toff (n+1 ) after change of the plate thickness may be changed to a value of the pause 
time period Toff(n) before change of the plate thickness multiplied by the reciprocal number of the plate thickness 
change rate p (1/p). 

[0094] Hence, returning to the fourth embodiment, shown by Fig. 1 3, as mentioned above, according to the plate 

30 thickness calculating device 16, the plate thickness change rate p in respect of the reference plate thickness Hs is 
calculated by the main pulse number P counted at the main pulse number storing device 14 and the reference pulse 
number Ps stored to the reference main pulse number storing device 15 and therefore, according to the discharge 
pause time control device 17, the pause time period Toff(s) in machining the reference plate thickness Hs set by Equa- 
tion (15) is multiplied by the reciprocal number of the plate thickness change rate p and the pause time period Toff 

35 optimum to the plate thickness of the workpiece 5 in machining is calculated and outputted to the detection voltage 
generator 2. The detection voltage generator 2 sets the pause time period Toff to pause time period Toff in a cycle 
applying detection voltage to the gap between the workpiece 5 and the wire electrode 4. Thereby, there is carried out 
machining by machining current density the same as the machining current density in machining the reference plate 
thickness Hs and even when the plate thickness is changed, there is no occurrence of disconnection of the wire elec- 

40 trode and the machining enlargement amount can be prevented from changing. 

[0095] FIG. 24 shows monitor waveforms when the above-described control is executed by the controller of the wire 
electric discharge machine according to the first embodiment in slicing the workpiece shown by FIG. 22. FIG. 24 shows 
that current is property controlled in accordance with a change in the plate thickness. Therefore, the machining average 
current can be increased more than that of the conventional control shown by FIG. 23 and the machining time period 

45 is shown to be shortened significantly. 

<Fifth Embodiment 

(0096] Fig. 14 shows a fifth embodiment of the invention. Portions of the fifth embodiment having constitutions the 
so same as those of the fourth embodiment are attached with the same notations. Further, what are different therefrom 
resides in that the current detecting circuit 11 for detecting discharge current is installed, in place of the main pulse 
number storing device 1 4, the reference main pulse number storing device 15 and the plate thickness calculating device 
1 6 of the plate thickness change detecting means according to the fourth embodiment, a main pulse cu rrent integrated 
value calculating and storing device 22, a reference main pulse current integrated value storing device 23 and a plate 
ss thickness calculating device 24 for calculating the plate thickness change rate by these current integrated values are 
installed as plate thickness change detecting means. That is, while according to the fourth embodiment, the input 
energy amount for machining is counted by the main pulse number, according to the fifth embodiment, it is calculated 
by the main pulse current integrated value. 
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[0097] According to the main pulse current integrated value calculating and storing device 22, during a time period 
of a signal outputted at each progress of machining of the machining distance Ax set by the machining distance cal- 
culating device 13, a current value of discharge current (main pulse current) detected by the current detecting circuit 
1 1 is integrated and the integrated value is outputted to the plate thickness calculating device 24. Further, the reference 

5 main pulse current integrated value storing device 23 stores an integrated value of a current value of discharge current 
(main pulse current) during progress of machining of the machining distance Ax in machining the reference plate thick- 
ness Hs and the plate thickness calculating device 24 calculates the plate thickness change rate p by the reference 
integrated value and the integrated value outputted from the main pulse current integrated value calculating and storing 
device 22. Further, the plate thickness calculating device 24 differs from the plate thickness calculating device 16 in 

10 the fourth embodiment in that the plate thickness change rate p is calculated by the current integrated value. 

[0098] That is, in Equation (1 ) and Equation (2) mentioned above, Equation (2) is established even when P designates 
an integrated value of discharge current (main pulse current) and w1 designates a machining amount per unit amount 
of discharge current (main pulse current). Further, w1 and g in Equation (2) are values substantially determined by 
materials of the workpiece and the wire electrode and are constant. As a result, when an integrated value of discharge 

15 current (main pulse current) before change of plate thickness is designated by P(n), an integrated value after the 
change is designated by P(n+1 ), as mentioned above, the following relationship is established. 



20 



25 



so 



55 



P = H(n+1)/H(n) = P(n+1)/P(n) 
[0099] The plate thickness change rate p in respect of the reference plate thickness Hs is expressed as follows. 

P = H/Hs = P/P(s) 



[0100] Hence, according to the fifth embodiment, at each progress of machining of the set machining distance Ax, 
the plate thickness change rate p in respect of the reference plate thickness Hs is calculated by the plate thickness 
calculating device 24 from the integrated value P of discharge current (main pulse current) during the time period which 
is integrated by the main pulse current integrated value calculating and storing device 22, the reference plate thickness 

30 Hs stored to the reference main pulse current integrated value storing device 23 and the integrated value P(s) of 
discharge current (main pulse current) in machining the portion Ax. Based on the plate thickness change rate p, similar 
to the fourth embodiment, the discharge pause time control device 17 calculates the pause time period Toff optimum 
to the plate thickness of the workpiece 5 in machining by multiplying the pause time period Toff(s) in machining the 
reference plate thickness Hs by the reciprocal number of the plate thickness change rate p and outputs it tothe detection 

35 voltage generator 2. 

<Sixth Embodiment 

[01 01 ] Fig. 1 5 shows a sixth embodiment of the invention. Portions of the sixth embodiment having constitutions the 
40 same as those of the fifth embodiment are attached with the same notations. Further, what differs therefrom resides 
in that in place of the discharge pause time control device 17 as machining condition adjusting means in the fifth 
embodiment, a discharge pulse current peak value control device 25 is installed and a current peak value Ip of discharge 
pulse calculated oy the discharge pulse current peak value control device 25 is outputted to the main pulse generator 
1. Further, the current peak value Ip is determined by main pulse voltage applied from the main pulse generator 1 to 
45 the gap between the wire electrode 4 and the workpiece 5 and the main pulse voltage is switched by the calculated 
current peak value. 

[0102] Explaining the control principle of the sixth embodiment, the invention is on the premise of servo feed in which 
the machining average voltage stays constant and accordingly, the following conditions may be established. 



Toff(n) = Toff(n+1), Ton(n) = Ton(n+1) 



Tw(n)+Toff(n) = Tw(n+1)+Toff(n+1) 



[0103] Hence, by rearranging Equations (6), (7) and (10) and the above-described conditions, the following relation- 
ship is established. 
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P = lm(n+1)/lm(n) = lp(n+1)/lp(n) (16) 
[0104] Accordingly, the following relationship is established. 

5 

lp(n+1) = px(n) (17) 

[0105] In order to make constant the machining current density in change of plate thickness, the main pulse current 
10 peak value lp(n+1 ) after change of plate thickness may be changed to a value of the main pulse current peak value Ip 
(n) before change of plate thickness multiplied by the plate thickness change rate p. 

[0106] Hence, according to the sixth embodiment, similar to the fifth embodiment, the plate thickness change rate p 
in respect of the reference plate thickness Hs is calculated by the plate thickness calculating device 24, in the discharge 
pulse current peak value control device 25, the main pulse peak value Ips in respect of the previously set reference 
15 plate thickness Hs is multiplied by the plate thickness change rate p, the value is transmitted to the main pulse generator 
1 and in the main pulse generator 1 , the main pulse voltage is changed in accordance with the value and is applied to 
the gap between the wire electrode 4 and the workpiece 5. 

<Seventh Embodiment 

20 

[0107] Fig. 16 is a constitution diagram of a seventh embodiment of the invention. What differs from the sixth em- 
bodiment resides in that a discharge pulse current pulse width control device 26 is installed as machining condition 
adjusting means in place of the discharge pulse current peak value control device 25 according to the sixth embodiment 
and the current pulse width Ton of main pulse generated from the main pulse generator 1 is changed by an output from 
25 the device 26. 

[0108] In the case of servo feed control in which the machining average voltage stays constant, the following con- 
ditions may be established. 

30 Toff(n) = Toff(n+1), lp(n) = lp(n+1) 



Tw(n)+Toff(n) = Tw(n+1 )+Toff(n+ 1 ) 

35 [0109] Hence, by rearranging Equations (6), (8) and (10) and the above-described conditions, the following relation- 
ship is established. 

p = lm(n+1)/lm(n) = Ton(n+1J/Ton(n) (18) 

40 

[0110] Accordingly, the following relationship is established. 

\ 

Ton(n+1) = px(n) (19) 

45 

[0111] As a result, in order to make constant the machining current density in change of plate thickness, the pulse 
width Ton(n+1 ) of main pulse current after change of plate thickness may be changed to a value of the pulse width Ton 
(n) of main pulse current before change of plate thickness multiplied by the plate thickness change rate p. 
[0112] Hence, according to the seventh embodiment, similar to the sixth embodiment, the plate thickness change 
so rate p in respect of the reference plate thickness Hs is calculated by the plate thickness calculating device 24, the pulse 
width Ton(s) of main pulse current in respect of the previously set reference plate thickness Hs is multiplied by the 
plate thickness change rate p by the discharge pulse current pulse width control device 26 and the value is transmitted 
to the main pulse generator 1. The main pulse generator 1 changes main pulse application time period in accordance 
with the value and applies it to the gap between the wire electrode 4 and the workpiece 5. 

55 

<Eighth Embodiment 

[0113] Fig. 17 is a constitution diagram of an eighth embodiment of the invention. In the above-described fourth to 
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seventh embodiments, the plate thickness change rate p in respect of the reference plate thickness H(s) is calculated 
and by the discharge pause time period, the discharge pulse current peak value or the discharge pulse current pulse 
width in respect of machining of the reference plate thickness H(s) and the plate thickness change rate p, the discharge 
pause time period, the discharge pulse current peak value or the discharge pulse current pulse width are controlled 

s such that the machining current density remains unchanged. According to the eighth embodiment, at each machining 
of the set machining distance Ax, the plate thickness change rate P of plate thickness during machining of Ax at a 
preceding time to plate thickness during machining of Ax at current time, is calculated and the discharge pause time 
period Toff during machining of the set machining distance Ax at the preceding time is multiplied by the reciprocal 
number of the plate thickness change rate P to thereby calculate new discharge pause time period. 

10 [0114] That is, as shown by Equation (15), when the pause time period Toff(n) before change of plate thickness is 
multiplied by the reciprocal number of the plate thickness change rate p, constant machining in which the machining 
current density remains unchanged is provided after the change of plate thickness. 

[0115] Hence, according to the eighth embodiment, in comparison with the fourth embodiment, in place of the ref- 
erence main pulse number storing device 15 according to the fourth embodiment, a preceding time main pulse number 

15 storing device 30 is installed which is a point of difference, other constitution remains the same and accordingly, the 
same constituent elements are attached with notations the same as those of Fig. 13. At each progress of machining 
of the set machining distance Ax, by a signal outputted from the machining distance calculating device 13, the main 
pulse number (number of times of discharge) P(n+1) counted by the main pulse number storing device 14 during a 
time period of machining the set machining distance Ax and the main pulse number P(n) generated during a time period 

20 of the machining distance Ax at the preceding time which is stored to the previous time main pulse number storing 
device 30, are inputted to the plate thickness calculating device 16 and the previous time main pulse number storing 
device 30 inputs and stores the main pulse number P(n+1) counted by the main pulse number storing device 14. 
Further, the plate thickness calculating device 16 calculates the plate thickness change rate p=P(n+1)/P(n) (=H(n+1) 
/ H(n)) by the main pulse number P(n) at the preceding time and the main pulse number P(n+1) at the current time 

25 and outputs it to the discharge pause time control device 31 as machining condition adjusting means. The discharge 
pause time control device 31 multiplies the pause time period Toff(n) in machining the set machining distance Ax at 
the preceding time by the reciprocal number of the plate thickness change rate p to thereby calculate new pause time 
period Toff(n+1) as shown by Equation (15) and outputs it to the detection voltage generator 2. (Incidentally, while, 
according to the fourth embodiment of Fig. 1 3, the pause time period Toff in respect of the reference plate thickness 

30 js multiplied by the reciprocal number of the plate thickness change rate p to thereby calculate pause time period, 
according to the fifth embodiment, the pause time period which has been outputted until then is multiplied by the 
reciprocal number of the plate thickness change rate to thereby calculate and update pause time period which is the 
point of difference between the discharge pause time control device 17 according to the fourth embodiment and a 
discharge pause time control device 31 according to the eighth embodiment.) The detection voltage generator 2 sets 

35 the pause time period Toff(n+1 ) to pause time period in a cycle of applying detection voltage to the gap between the 
workpiece 5 and the wire electrode 4. 

<Ninth Embodiment 

40 [0116] Fig. 18 is a constitution diagram of a ninth embodiment of the invention. The ninth embodiment of Fig. 18 
differs from the eighth embodiment of Fig. 1 7 in that a discharge pulse current peak value control device 32 is installed 
in place of the discharge pause time control device 31 as machining condition adjusting means and a peak value of 
discharge pulse current calculated by the device 32 is outputted to the main pulse generator 1. The other constitution 
remains the same as that of the eighth embodiment of Fig. 17 and accordingly, the same constituent elements are 

45 attached with the same notations. 

[01 1 7] Based on the plate thickness change rate p calculated by the plate thickness calculating device 1 6, as shown 
by Equation (17), a value of the current peak value lp(n) of discharge pulse outputted during a time period of machining 
Ax at the preceding time multiplied by the plate thickness change rate p is outputted to the main pulse generator 1 as 
the current peak value lp(n+1 ) and in successive machining of the machining distance Ax, the machining is carried out 

50 by discharge current of the current peak value lp(n+ 1 ). 

[0118] According to the ninth embodiment, a change in the plate thickness is detected by the plate thickness calcu- 
lating device 16 and the current peak value of discharge pulse is changed based on the plate thickness change rate 
P and accordingly, a successive plate thickness change rate is calculated by the plate thickness calculating device 16 
by numbers of main pulse numbers in machining the machining distance Ax before and after a change of the current 

55 peak value. An energy amount per shot of main pulse (discharge pulse) differs and accordingly, an amount of machining 
per shot differs and accordingly, the accurate plate thickness change rate cannot be calculated. Therefore, when the 
plate thickness is changed rapidly, there causes a phenomenon in which current peak values after the change of plate 
thickness are oscillated and the machining accuracy is more or less deteriorated in comparison with those of other 



17 



EP 0 934 791 A2 



embodiments. However, when the plate thickness gradually changes, even by machining according to the ninth em- 
bodiment, the current peak value is controlled sufficiently in correspondence with the change in the plate thickness 
and the machining speed can be promoted and a dispersion in the machining enlargement amount can be dispensed 
with. 

s [0119] In place of the discharge pulse current peak value control device 32 of the ninth embodiment, a discharge 
pulse current pulse width control device may be used and the pulse width of main pulse outputted from the main pulse 
generator may be controlled as in the seventh embodiment shown by Fig. 16. 

<Tenth Embodiment 

10 

[01 20] Fig. 19 is a constitution diagram of a tenth embodiment of the invention. According to the tenth embodiment, 
similar to the fifth embodiment shown by Fig. 14, the discharge pause time period is controlled by the plate thickness 
and portions having constitutions the same as those of the embodiment shown by Fig. 14 are attached with the same 
notations. What differs therefrom resides in that in the plate thickness change detecting means, the change in the plate 
15 thickness is not calculated based on the reference main pulse current integrated value but by a change in the main 
pulse current integrated value before and after each progress of machining of Ax. For that purpose, in place of the 
reference main pulse current integrated value storing device of Fig. 14, a preceding time main pulse current integrated 
value storing device 40 is installed, further, there is used the discharge pause time control device 31 which calculates 
discharge pause time period by multiplying the discharge pause time period in machining the set distance Ax at the 
20 preceding time by the reciprocal number of the plate thickness change rate. 

[0121] The machining distance calculating device 13 outputs a signal at each progress of machining of the set ma- 
chining distance Ax. The main pulse current integrated value calculating and storing device 22 calculates an integrated 
value of discharge current (main pulse current) detected by the current detecting circuit during a time period of outputting 
the signal. When a signal is outputted from the machining distance calculating device 1 3, the main pulse current inte- 
rs grated value P(n) and P(n+ 1 ) stored to the main pulse current integrated value calculating and storing device 22 and 
the preceding time main pulse current integrated value storing device 40, are outputted to the plate thickness calculating 
device 24 and the integrated value P(n+1 ) stored to the main pulse current integrated value calculating and storing 
device 22 is stored to the preceding time main pulse current integrated value storing device 40. 
[0122] The plate thickness calculating device 24 calculates the plate thickness change rate P (=P(n+1)/P(n)) by 
30 dividing the integrated value P(n+1) outputted from the main pulse current integrated value calculating and storing 
device 22 by the integrated value P(n) outputted from the preceding time main pulse current integrated value storing 
device 40. Based on the plate thickness change rate p, the discharge pause time control device 31 calculates the 
pause time period Toff(n+1 ) optimum to the plate thickness of the workpiece 5 during the machining by multiplying the 
discharge pause time period Toff (n) which has been outputted until then by the reciprocal number of the plate thickness 
os change rate p and outputs it to the detection voltage generator 2. 

[0123] The detection voltage generator 2 uses the pause time period Toff (n+1 ) from a successive discharge cycle. 

<Eleventh Embodiment 

40 [0124] Fig. 20 is a constitution diagram of an eleventh embodiment of the invention. According to the eleventh em- 
bodiment, the plate thickness change rate is calculated by a change in the main pulse current integrated value during 
a time period of machining the set distance Ax and a peak value of the discharge pulse current is changed in proportion 
to the calculated plate thickness change rate to thereby provide machining in which the machining current density stays 
constant. What differs from the tenth embodiment of Fig. 19 resides in that as machining condition adjusting means, 

45 in place of the discharge pause time control device 31 according to the tenth embodiment, the discharge pulse current 
peak value control device 32 is installed and an output from the discharge pulse current peak value control device 32 
is inputted to the main pulse generator 1 and other constitution remains the same as that of the tenth embodiment. 
[0125] That is, according to the eleventh embodiment, at each machining of the machining movement distance Ax, 
the plate thickness change rate p (=P(n+1 )/P(n)) is calculated by the plate thickness calculating device 24 from the 

50 main pulse current integrated value P(n) summed up during machining of Ax at the preceding time and main pulse 
current integrated value P(n+1) during machining of Ax at the current time and a value produced by multiplying the 
discharge pulse current peak value IP which has been outputted until then by the calculated plate thickness change 
rate p, 73 updated discharge pulse current peak value IP. 

[0126] Further, in the eighth embodiment, in place of the discharge pulse current peak value control device 32, a 
55 discharge pulse current pulse width control device may be installed and by controlling the pulse width of the main pulse 
current, the control may be carried out such that the machining current density is maintained constant. 
[0127] FIG. 26 is a diagram of monitor waveforms when a workpiece shown by FIG. 25 in which the plate thickness 
is changed to 40 mm,20 mm and 1 0 mm is machined by carrying out current control according to the fourth embodiment 
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mentioned above. As is known from FIG. 26, although the machining average voltage is maintained constant even 
when the plate thickness is changed, the machining average current is changed with a change in the plate thickness 
and the machining current density is maintained constant. 

[0128] Further, FIG. 27 is a diagram showing a result of measurement of machined groove widths when the workpiece 
5 of FIG. 25 is machined by the conventional machining method and the machining method by current control by detecting 
the plate thickness according to the invention (Fourth Embodiment). As is known from FIG. 27, according to the con- 
ventional method, the thinner the plate thickness, the larger becomes the groove width and a difference between the 
groove widths between the case of the plate thickness 40 mm and the case of the plate thickness 10 mm is 0.015 mm. 
Meanwhile, when the invention is applied, the groove width stays substantially constant even with the change in the 
10 plate thickness, causing an error of only 0.001 mm. 

[0129] Further, other than the embodiments as machining condition adjusting means mentioned above, an energy 
amount inputted from the main pulse generator may be adjusted by adjusting the no load machining time period Tw 
by adjusting the set voltage in servo feed control by the plate thickness change rate. In this case, although accuracy 
is more or less deteriorated by presence of secondary discharge since energy is not adjusted directly, the target of 
75 preventing wire disconnection can be achieved. That is, in servo control in which feedback control is carried out such 
that the average machining voltage of the gap between the wire electrode and the workpiece coincides with set voltage, 
the set voltage is equal to the average machining voltage Vm. Further, the average machining voltage Vm is represented 
by the following equation. 

Vm(n) = VxTw(n)/(Tw(n)+Toff) 

[0130] In the above-described equation, Vm(n) designates the average machining voltage, Tw(n) designates the no 
load machining time period and Toff designates no load peak voltage which is made constant. 

25 [0131] From the above-described equation, it is signified that the larger the average machining voltage Vm(n), the 
larger the no load machining time period Tw(n). That is, the average machining voltage Vm(n) and the no load machining 
time period Tw(n) are in a certain proportional relationship. As a result, the no load machining time period Tw(n) can 
be adjusted by adjusting the set voltage since the set voltage of servo feed control and the average machining voltage 
Vm(n) are equal to each other, as a result, the current density can be controlled by adjusting the energy amount inputted 

30 from the main pulse generator. 

[0132] As an exampie, set voltage in correspondence with the plate thickness change rate in respect of reference 
plate thickness is previously determined by an evaluation function or a table and in the actual machining operation, 
the set voltage is changed in correspondence with the plate thickness change rate and the average machining voltage 
of the gap is adjusted by which the no load machining time period Tw is adjusted and the current density is adjusted. 

35 That is, in respect of a reduction in the plate thickness, by setting high set voltage, the no load machining time period 
Tw is increased and the pause time period of the main pulse energy is prolonged. Thus, the current density is lowered 
to be maintained appropriately. In respect of an increase in the plate thickness, by setting low set voltage, the no load 
machining time period Tw is reduced and the pause time period of the main pulse energy is shortened. Thus, the 
current density is increased to be maintained appropriately. 

40 [0133] Further, in servo feed control, feed speed of the wire electrode in respect of the workpiece is controlled by 
feedback control such that the set voltage and the average machining voltage coincide with each other and the feed 
speed is determined in accordance with a deviation between theset voltage and the average machining voltage. Hence, 
the feed speed in 1 the case of steady-state deviation can be changed by changing gain for calculating the feed speed 
in accordance with the deviation between the set voltage and the average machining voltage, that is, the feedback 

45 gain in servo feed control. When the feed speed is changed, the no load machining time period Tw is changed, the 
pause time period of the main pulse energy can be adjusted and the current density can be adjusted. 
[0134] As an example, the feedback gain of servo feed in correspondence with the plate thickness change rate is 
previously determined by an evaluation function or a table and in the actual machining operation, the current density 
is adjusted by adjusting the average machining voltage of the gap by adjusting the above<lescribed gain in corre- 

so spondence with the plate thickness change rate. That is, in respect of a reduction in the plate thickness, the gain is 
reduced and the feed speed is retarded by which the no load machining time period Tw is increased and the pause 
time period of the main pulse energy is prolonged. Further, the current density is maintained to lower. In respect of an 
increase in the plate thickness, the gain is increased and the feed speed is accelerated by which the no load machining 
time period Tw is reduced and the pause time period of the main pulse energy is shortened. Further, the current density 

ss is increased to be maintained appropriately. 

[0135] Further, when the machining is controlled not by the servo feed control but by feed speed instructed by a 
program, the instructed feed speed may be adjusted in accordance with the plate thickness change rate. For example, 
discharge machining is carried out initially at a feed speed instructed by a program, the plate thickness change rate is 
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calculated and feed speed which has been instructed until then (initially, feed speed instructed by a program) is mul- 
tiplied by the calculated plate thickness change rate to thereby constitute new feed speed by which the feed speed is 
changed in accordance with a change in the plate thickness. For example, when the plate thickness is increased and 
the plate thickness change rate exceeds M", the feed speed is increased, the no load machining time period Tw is 
s reduced, the pause time period of the main pulse energy is shortened and the current density is increased to be 
maintained appropriately. Further, when the plate thickness is reduced and the plate thickness change rate becomes 
smaller than "1 new feed speed is retarded, the no load machining time period Tw is increased and pause time period 
of the impulse energy is prolonged to maintain the appropriate current density. 

[01 36] According to the invention, the plate thickness or the current density is detected and displayed and accordingly, 
io a change in the plate thickness can immediately be known and the machining condition can be adjusted. Thereby, wire 
disconnection in changing the plate thickness can be prevented. Further, the machining condition can be grasped in 
real time by displaying the feed speed and the machining current other than the plate thickness. 
[01 37] Further, the plate thickness is detected in real time, the machining condition is changed automatically and the 
machining current density is prevented from being changed and therefore, wire disconnection in changing the plate 
15 thickness can be prevented. The machining condition can automatically be changed to an optimum condition in ac- 
cordance with the plate thickness even when the plate thickness is changed and accordingly, the machining enlarge- 
ment amount can significantly be made small. Further, the machining is carried out under an optimum machining 
condition automatically in accordance with the plate thickness and accordingly, in machining the workpiece, the ma- 
chining condition is not fixed to an optimum machining condition at a thin portion of the plate thickness as in the 
20 conventional case and accordingly, the machining speed can considerably be shortened. 



Claims 

25 1 , A controller of a wire electric discharge machine, comprising: 

thickness detecting means for detecting thickness of a workpiece during a machining operation; and 
display controlling means for displaying a relationship between a movement distance or a machining time on 
a machining path and the detected thickness on a display device. 

30 

2. A controller of a wire electric discharge machine according to claim 1, further comprising detecting means for 
detecting at least one of a machining current, a machining speed and a machining current density in respect of a 
machining face of the workpiece during the machining operation, wherein said display controlling means displays 
a relationship between the movement distance or the machining time on the machining path and at least one of 

35 the detected machining current, the detected machining speed and the detected machining current density on said 

display device. 

3. A controller of a wire electric discharge machine according to claim 1 , wherein the relationship is displayed on a 
graph with the movement distance or the machining time on the machining path as an abscissa. 

40 

4. A controller of a wire electric discharge machine according to claim 1, wherein said thickness detecting means 
calculates a change rate of the thickness of the workpiece based on a ratio of an inputted energy when the work- 
piece is machined by a predetermined distance to a reference inputted energy when a reference workpiece having 
a predetermined thickness is machined by the predetermined distance and calculates the thickness of the work- 

^5 piece based on the change rate and the thickness of the reference workpiece. 

5. A controller of a wire electric discharge machine according to claim 4, wherein the ratio between the inputted 
energies is calculated by a ratio between main pulse numbers for carrying out the discharge machining operation. 

50 6. A controller of a wire electric discharge machine according to claim 4, wherein the ratio between the inputted 
energies is calculated by a ratio between summed values of discharge machining currents. 

7. A controller of a wire electric discharge machine, comprising: 

55 current density detecting means for detecting a machining current density on a machining face of a workpiece 

during a machining operation; and 

display controlling means for displaying a relationship between a movement distance or a machining time on 
a machining path and the detected machining current density on a display device. 
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8. A controller of a wire electric discharge machine according to claim 7, wherein the relationship is displayed on a 
graph with the movement distance or the machining time on the machining path as an abscissa. 

9. A controller of a wire electric discharge machine according to claim 7, wherein said current density detecting means 
5 calculates the machining current density based on thickness of the workpiece and a machining current during the 

machining operation. 

10. A controller of a wire electric discharge machine according to claim 9, wherein said current density detecting means 
calculates a change rate of the thickness of the workpiece based on a ratio of an inputted energy when the work- 

w piece is machined by a predetermined distance to a reference inputted energy when a reference workpiece having 

a predetermined thickness is machined by the predetermined distance and calculates the thickness of the work- 
piece based on the change rate and the thickness of the reference workpiece. 

11. A controller of a wire electric discharge machine according to claim 10, wherein the ratio between the inputted 
15 energies is calculated by a ratio between main pulse numbers for carrying out the discharge machining. 

12. A controller of a wire electric discharge machine according to claim 10, wherein the ratio between the inputted 
energies is calculated by a ratio between summed values of the discharge machining currents. 

20 13. A controller of a wire electric discharge machine, comprising: 

a discharge current generator for supplying a pulsating current to a discharge gap between a wire electrode 
and a workpiece; 

machining distance calculating means for calculating a machining distance; 
25 thickness change detecting means for calculating a thickness change rate of the workpiece based on an energy 

amount inputted from said discharge current generator during machining by the predetermined distance; and 
machining condition adjusting means for adjusting the energy amount inputted from the discharge current 
generator based on the calculated thickness change rate so that a machining current density is substantially 
maintained. 

30 

14. A wire electric discharge machine according to claim 13, wherein said thickness change detecting means calculates 
the thickness change rate based on a set reference energy amount and the energy amount inputted from said 
discharge current generator during machining by the predetermined distance in the machining operation. 

35 15. A wire electric discharge machine according to claim 13, wherein said thickness change detecting means com- 
prises: means for summing and storing the energy amount inputted from the discharge current generator during 
machining of the predetermined distance; and means for storing the summed energy amount in machining the 
predetermined distance at a preceding time; and wherein the thickness change rate of the workpiece is calculated 
by the summed energy amounts at the preceding time and at a current time at each progress of the machining by 

40 the predetermined distance. 

1 6. A wire electric discharge machine according to claim 1 3, wherein said thickness change detecting means calculates 
the thickness change rate with a pulse number inputted from said discharge current generator as the energy 
amount. 

45 

17. A controller of a wire electric discharge machine according to claim 13, wherein said thickness change detecting 
means calculates the thickness change rate with an integrated value of a pulsating current inputted from said 
discharge current generator as the energy amount. 

so 18. A controller of a wire electric discharge machine according to any one of claims 13 through 17, wherein said 
machining condition adjusting means adjusts the energy amount inputted from said discharge current generator 
by adjusting a length of a machining pause time in which application of a voltage to the gap between the wire 
electrode and the workpiece pauses based on the thickness change rate. 

55 19. A controller of a wire electric discharge machine according to any one of claims 13 through 15 and 17, wherein 
said machining condition adjusting means adjusts the energy amount inputted from said discharge current gener- 
ator by adjusting a peak value of the pulsating current based on the thickness change rate. 
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20. A controller of a wire electric discharge machine according to any one of claims 13 through 15 and 17, wherein 
said machining condition adjusting means adjusts the energy amount inputted from said discharge current gener- 
ator by adjusting a pulse width of the pulsating current based on the thickness change rate. 

5 21. A controller of a wire electric discharge machine according to any one of claims 13 through 17, wherein said 
machining condition adjusting means adjusts the energy amount inputted from said discharge current generator 
by adjusting a set voltage in a servo feed control for carrying out a feedback control such that an average machining 
voltage at the gap between the wire electrode and the workpiece coincides with the set voltage, based on the 
thickness change rate. 

10 

22. A controller of a wire electric discharge machine according to: any one of claims 13 through 17, wherein said 
machining condition adjusting means adjusts the energy amount inputted from said discharge current generator 
by adjusting a feedback gain in a servo feed control for carrying out a feedback control such that an average 
machining voltage at the gap between the wire electrode and the workpiece coincides with the set voltage, based 

is on the thickness change rate. 

23. A controller of a wire electric discharge machine according to any one of claims 13 through 17, wherein said 
machining condition adjusting means adjusts the energy amount inputted from said discharge current generator 
by adjusting a relative feed speed of the wire electrode with respect to the workpiece based on the thickness 

20 change rate. 
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